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Abstract -- A high quality spotlight SAR processing
algorithm is presented. In this algori  tlm, subband
images of the radar illuminated spot are processed
using well known strip mode processing algorithms. A
full resolution image is then formed by (1) merging the
spectra of subband images into a full band spectrum, and
(2) taking an inverse I~FI’.  Advantages of t his
algorithm include (1) higher image quality, (2) higher
processing throughput rate, and (3) lower S/W
development cost. The image quality achieved by this
algorithm is better than that previously achieved by
the backprojection  algorithm. The fine image quality is
demonstrated by the SIR-C’ spotlight SAR images.

INI’I<OIJUCTION

l.iteSA1{ is a new program aimed at validating key
advances in synthetic aperture r a d a r  (SAR)
technology, and related systems, that will reduce the
cost and enhance the performance of this and future
U.S. SAR missions. To boost commercial interest in
1,iteSAI{  program, the 1,iteSAI< is designed to be
capable of many imaging modes including a b i gb
resolution spotlight SAR mode. lJeveloping  a spotlight
process ing  a lgor i thm su i tab le  fo~ the I i teSAlt
platform and meet ing its recluirement is me of the hi g b
priority task in the present project phase.

The concept of Spotlight SAR has been previously
related to computed tomography [1]. ‘lhe similarity
between a spotlight SAI< and an X-ray computed
tomography (CT) system includes: (1) both are
problems of reducing image sample values from
measurements of signal st rengtb f rom line integrals, (2)
imaging areas are spatially bounded. The difference
bet ween these two systems includes: (1) the radar is
operated with a coherent signal with a carrier
frequency usually higher than its bandwidth, where
the X-ray CT system is operated with non coherent
signal and its equivalent bandwidth is dcterminecf by
the width of X-ray beam contained in each detector, (2)
in spotlight SAT{, the line integral is defined along the
segment of a circle, where in the X-ray Cl’ system, t h c
line integral is ctefincd along a straight line.

1 )espite their difference, tomography processing
algorithms such as ccmvolut ion backpmject ion [2] and
Inverse l;ourier transform on polar spcct rum [1] ha v c
been applied to spotlight SAR processing-. I’revious
reports showed that the image quality achieved by
backprojecticm is generally better than the Inverse
FOLI rier method. This is because that t h e  polar
spectrum is formed based on the approximation t ha t
the iso-range lines running through the radar spot
approach straight lines. nut, this approximation is not
needed in the backprojection  algorithm. in the 1,iteSAl{
systcnb the curvature of the iso-range lillcs is of~ the
order of ten slant range resolution cells. Therefore, it is
obvious that Ini’ersc l;ourier method will not meet the
image f>erformance requirement of t h e  I iteSAI{
m i s s i o n .  l~urtbermore,  the con\’oluticm backprojection
algorithm is also not considered for its lower
thLWLl@]2Llt  rate. lnstcacf, a new spotlight processing
algorithm based cm synthesis of subband image spectra,
to be described below, is found to be a good canal ictate
for processing I itcSA1{ spotlight mode SA1{ data.

radar
orbit -

I
p,-1

l:igure 1. Spotlight Mode SAR Geometry

AI K; OI<l’I’llhf

1’0 generate a full  resolution image from a
conventional strip mode SAI< data, t h e  a7inluth
compression process may be rc,alizect in many ways. One
simple approach is to perform a fast l:ourier correlation
type processing with a full length aperture. “1’ypical
example of this fast ];ouricr correlation include well



known range-lhppler algorithm [4], wave ctcmain
algorithm [;], ana the chirp scaling algorithm [6]. One
may also perform fast 170urier correlation with sub
apertures to generate several images with lower
resolution. These images arc then supcrpcmd to form a
full resolution image provided that the azimuth
sampling rate exceeds the N yquist rate of the f u 1 I
resolution image. Or, one may merge the spectra of
these subbanct images to form the full band spectrum
and then take an inverse lburicv transform. Another
approach is to divide the SAR data into a number of
bursts, process each burst data into low resolution
phase-preserved images, and superpose these images.
It is interesting to point out that the backprojection
algorithm may be viewed as an extreme case, i.e. one
line per burst, oftllebLlrst  ~3rocessiilg:l}>  11roac11.

in spotlight SAR data, the signal bandwidth is mLICh
greater than the pulse repetit ion rate (l’l~l;).
Consequently, full aperture processing by fast l;ourier
correlation is not possible because the 1’1<1: is lCSS than
the  Nyquist ra te of the full  resolution image.
]’reviously reported algorithms, other than the inverse
170uriet from pc)]ar spectrum method, have proposed
the backprojecticm a lgor i thm [2 ]  and  the  burs t
processing approache [3]. IIowevcir, the subband
processing approach was not explored at all. For an
airborne SAI{ platform, the burst processing approach
may be more adaptable to a system where motion
compensation is required. But, in a spaceborne SAR,
orbital trajectory is more stable and high frequency
motion effect dc)cs not mist,  the subbancl processing
approach is, therefore, a very good candidate.

FORMU1 A2’1ON

I1~s~~otligl~t  n~ode SAI<o}>eratiol~,  tl~e radar pointing
is constantly steered to keep the radar footprint
illuminating a fixed spot cm the ground during a time
perioct several tin~eslongel than the conventional SAR
aperture interval. This geometry is shown in l:ig. 1. ~t)
simplify the illustration for the processing algorithm,
it is assumed that the slant range history of CaCh
target within the radar footprint can remodeled by a
polynomial limited to a second order. I’herefore, the
Dopp]er frequency prmfile associated with a poin-like
target within the radar footprint can bemodelecl as a
ramp function with a negative slope, Since the along-
track size of the~>rocessed s}>otligl~t ir~~ageisli1~~ited to
that equivalent to a Doppler range of 1’1<1:, the Ihppler
profile depicted in Fig. 2 may well characterize those
targets within the final image and at a constant range
to the radar.
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l;igure 2 I’argets  l;requency I’refiles

] ‘requency  ]nterval in Subband Image
~b apply a fast l:ourier correlation to the spotlight

data, the SAR data is divided into sei,eral segments
first. l;ach segment data shall lead to a subband image
of t h e  illuminated  pyxmcf  s p o t .  1,et ~;y b e  t  h  e

b a n d w i d t h  of each suhband  i m a g e  s a t i s f y i n g
li$ < l’R?f’, [0, 1’] be the time interval of the
spotlight data. I)enote .f(l_l  and .f(l_f as the ljoppler
frequencies, at time origin, associated with the leading
and trailin~ p o i n t s ,  r e s p e c t i v e l y ,  of the r a d a r
footprint. 1 let .~l be the I)oppler frequency change rate.
The first segment c>f the data should lead to an image
covering the frequency interval of [ .fc/_/  – B$, .fc/-/ ].
The i-th data segment slmuld  lead to an image
covering [./”[/-/ - i ~ K,, .fd-l - (i– 1) ~ K]. let the

frequency bandwidth of each target be given by l~]~r,
the tc)tal number of segment N is given by the least
integer satisfying N. I;$ > BMr + PRF’.

Time lnterva] in Subband lrnage
In fast l;out’ier correlation, the number of \falid  image

samples is equal to the number of reference samples
subtracted from the number of input samples. In a
subband image processing, the number of valid image
samples is given by the product of }’Rl<’ and the
equivalent time interi’al of the ground spot, /)}<?” / ./’,..
The number of reference samples is given by lJV / j’,..
I ]ence, the first data segment should contain the time
interval  of [ll,y/l.frl–(llLT  -t /)R?f’)/lj,.l,  I;y/l. f,.l]. The
i-th data segment should contain the time interval of
[i” B,ll.f,.l-(  11, + PEF)/l.frl, i” l;,/  1. f,.1]. ~’he time

and frequency intervals of these segments are shown in
l;ig. 3. NW time intervals of burst processing approach
is also given for comparison.
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Figure 3. Subbanct and Burst I)ivision

Spectra Merging
lo merge the spectra from sLlbband images into the

full spectrLlnl,  cm need to determine the sampling
freqLm~cy of the final image. It shoLIld be no less than
7’ ~ .fr. I’o take the advantage of 1’1’1’, the sampling
freqLwncy mLlst be the product of an integer power of
two and p~~. I et a spectral component corresponding
to a I>opp]er freqLlcncy of .f~. Its freqLlcncy valLlc in the
spcctrLln~ of the corresponding sLlbband image is

fd-s,,h = Md.fd + 1 ~o “ ~’~~f”~ ~l~n

Its frequency value in the spcct rLlnl of the fLll I rcsolLlt ion
image is given by

.f(l-jwl =~~d[f(l +100 “ f.!> .f.$1

SI’CYI’I,IGHT SAR l)A’I’A I’l{(K’tiSSING

l’hc processing diagram of the proposed algorithm is
given in F’ig. 4. The radiomctric compensation process is
to remove the antenna pattern mod ulat ion and to
eliminate the sLlbstandard image pixels near the edges
of 1’1<1; boundary.  This algorithnl has been
inlplcnlcmtccl i n I: ORTI{AN with both the rangc-
Doppler and chirp scaling algorithms for sLd>banct
processing.

This algorithmh asbccl~tested ~lsil~gbotl~sill~Lllatcd
spotlight point-target data and the spotlight data
taken dLming the SIR-C mission. Analysis performed
ovcrthcproccssed point-target data indicates that its
]’hasc accLlracy, ~-d~; resolution width, peak-sidclobe
ratio, and integrated-sidclobc~ ratio meet the I,itcSAR
reqLlircn~cnt.  l:ig. 5 is a SIR-C spotli~ht SAR image, in
fLl]l rcsolLltion a n d  in multi-lmk  lower resolution, of
Sydney, Australia. By examining the point-targets
performance in this and other image set, we mnclLldc
that thccxpcctcd 1.25 n~ctcrfLlll rmolLltionisn~ct.

= EpEl
};Lllll<CSOILltiO1l  Spotlightlmage

l;igLlrc 4. Spotlight SAI< Ikta l’roccssing  l~iagranl

IIISCUSSION

AsqLlintcd spotlight data may reqLlirc a constantly
changing I’RI: to let the echo fall between the
transmitted pLllscs.1’ousctllc  proposed algorithm for
processing this kind data, rcsampli%  the raw’ data for
a constant l)l<l; is necessary. I@cnding on t h e
bandwidth of the spotlight data, a 3rd and 4th order
polynomial may be reqLlired  for modeling the phase
history accurately. Sinlilar  t o  a  strip n~~d~ SAK
}>roccssing  s y s t e m ,  a n  aLltmllatcd sp~)tlight SAI~
prcmssorw ill also rcqLlirc prc’processing steps sLlch as
l~opplcr analysis al~d autofocus.
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Site: Sydney, Australia Range Resolution: 10 meter
Image Size: 1.3 km along-track, 10 km cross-track Frequency: C band, Polarization: VV
Look Angle: 42 degree

Azimuth 10 5 2.5 1.25 (meter)
Resolution
Looks 8 4 2 1

Figure 5. SIR-C Spotlight-Mode SAR Image


